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ABSTRACT 
This r e p o r t  descr ibes  the  a i r  evaporation process  f o r  the reclamation of potable  
w a t e r  from ur ine  and t h e  syatern b u i l t  under c o n t r a c t  number US-9-3796 fo r  NASA- 
MSC, Houston t o  au tomat ica l ly  c a r r y  out the  procsas.  
formonce i n  both prel iminary and acceptance t e s t i n g  a r e  discussed. 
1.0 PIiOCESS DESCRIPTION 
System opera t ion  and per- J 
The a i r  evaporat ion process  for the reclamation of  water from u r ine  c o n s i s t s  
of 8 chcmlarl t reatment  of th8 urine .(I col lcated,  introduotion of the  treated 
u r i n e  i n t a  e f e l t  wick evaporator, evaporat ion of the  w a k r  i n t o  a heated 
a i r  stream, charcoa l  f i l t r a t i o n  of t he  sa tu ra t ed  a i r ,  condensation of the  
water from the  a i r  and charcoal  f i l t r a t i o n  of the  condensed w a t e r ,  I n  this 
process ,  the  chemical t rea tment  r eac t s  wiLh the  u r i n e  to  px-event the  break- 
down of the u r i n e  i n t o  v o l a t i l e  cmpounds, ensuring the  evaporat ion of 
p r a c t i c a l l y  pure water from the  wick. The few v o l e t i l e s  t h a t  do evaporate 
a long with the  water a r e  almost completely removed by the  charcoal  f i l t r a -  
t i o n a  of the  water  vapor and the  f i n a l  condensate. 
possessea no object ionable  co lor ,  odor  or taste and contalna on ly  t r a c e  
h p t n i t i e s  well below the  l i m i t e  e s t ab l i shed  by the  United S t a t e s  Public 
Health Service f o r  dr inking water. 
The product water 
2.0 SYSTM 
2.1 Unit Descr ipt ion 
The a i r  evaporat ion u n i t  designed t o  a u t m a t i c a l l y  c a r r y  o u t  the  process  
descr ibed i n  Sec t ion  1.0, cons i s t s  of a c losed  loop a i r  c i r c u l a t i o n  system 
f o r  the  evaporation and condensation of the urine-contained water; a pre- 
t reatment  and feed system for t h e  in t roduct ion  of the  u r i n e  i n t o  t h e  a i r  ' 
loop;  a c o l l e c t i o n  system fo r  the removal and s torage  of processed water end 
a d i s p l a y  penel conta in ing  a l l  cont ro ls  and ind ica to r s  necessary to the  oper- 
a t i o n  of the  unit ,  
Urine, as co l l ec t ed ,  ie introduced i n t o  the  u n i t  pretreatment  tank and t r e a t e d  
by the  manual i n j e c t i o n  of the treatrnsnt chemical. I t  is  then introduced 
i n t o  the evaporat ing wick, e i t h e r  manually, d i r e c t l y  from. the pretreatment  
t ank  or a u t m a t i c a l l y ,  through a batch feed  tank. Air, with in  i4 inches of 
wa te r  of ambient pressure e t  the  fan  i n l e t ,  is dr iven  by the f a n  through en 
e l e c t r i c  hea te r ,  increae ing  I ts  temperature and a b i l i t y  t o  absorb moisture. 
This heated a i r  passes i n t o  the  evaporator  and through the u r i n e - f i l l e d  
rayon f e l t  wick package, causing the  evaporat ion of water  and smal l  amounts 
of Impur i t ies  i n t o  the a i r  stream, 
ing i t s  r e l a t i v e  humidity. 
cha rcoa l  filter remove8 most of the impur i t i e s  before  in t roduc t ion  i n t o  the  
water-cooled condensing heo t exchanger, where a temperature reduct ion  causes  
t h e  condensation of  the water vapor i n t o  drople t s .  Them water drop le t s  a r e  
e n t r a i n e d  by the  air stream and ca r r i ed  i n t o  the  e i r -d r iven  c e n t r i f u g a l  water 
eepe ra to r ,  
filter t o  atorags. 
for r e c i r c u l a t i o n  through the  loop, 
' 
f' 
lowering the  a i r  temperature and increas-  
Passage of t h i s  nea r ly  sa tu ra t ed  a i r  through a 
The water  i o  pumped by the  Beparator through a f f n e l  charcoa l  
The air, f r e e  of en t r a ined  water, passes i n t o  the  fen  
A 6ChemcltiO diagram of #e u n i t  is ahom i n  Figure 2.1, 
of the  u n i t  are: 
Phys ica l  d h e n s i c n s  
a 
I .  02- 
m 
0 
2.i 
2.2 
i c o n  t inue d j 
Length 
Width 
H e i g h t  
Height (evaporator  cover open 
We1 gh t  
20 3/& Inches 
3h 1/8 inches  
21, inches  
35 7/0 inchea 
109.85 pounds 
Uni t Opera t i o n  
&nus1 opera t ions  required a r e  z 
In t roduc t ion  of t reatment  chemical 
I n s t a l l a t i o n  end replacement of wicks 
I n i t i s l  f i l l i n g  of wick 
S e t t i n g  of automatic cont ro ls  
A l l  o t h e r  un i t  opera t ions  are automatic. 
Treatment chemical in t roduct ion  cons i s t s  of  the  opera t ion  of the chemical 
i n j e c t o r  plunger once f o r  every  1.5 liters of  urine int roduced i n t o  the  
p r e t r e a t  tank, supplying the  requi red  chemical concentrat ion of b m l  p e r  
liter of ur ine .  The i n s t a l l a t i o n  of the wick package i a  descr ibed i n  the 
opera t ing  i n s t r u c t i o n s  and i s  required a t  approximately e i g h t  day intervals. 
Each new wick must be L n i t i e l l y  f i l l e d  with ur ine  direct ly  from the  p r e t r e a t  
tank by t h e  msnual operat ion of the feed c o n t r o l  and waste water i n l e t  valves 
on the  c o n t r o l  panel.  The automatic c o n t r o l s  t o  be s e t  a r e  the conduc t iv i ty  
end wick feed tempereturc meter s e t  pofnts ,  t h e  d i v e r t e r  valve selector 
switch and t h e  e l e c t r i c  hea te r  variac.  
* 
When thcee operat ion8 have been ca r r i ed  a u t  and t h e  u n i t  s t a r t e d ,  t h e  u n i t  
w i l l ,  under noma1  condi t ions,  m automat i ca l ly  and unattended. Urine is 
fed t o  the wick i n  qeaaurcd batches,  t r i gge red  by a r ise  i n  the  wick 's  
l n t e r n a l  temperature. This temperature, a func t ion  of wick wetness, i s  
aensed by an imbedded the rmis to r  and d isp layed  on a panel-mounted meter. 
When the  w€ck temperature reechea a predetermined velue,  con tac t  with the  
meter s e t  p o i n t  e c t i v a t e a  a solenoid valve p e n i t t i n g  t h e  discharge of the 
s p r i n g  loeded ba tch  feed tank i n t o  the wick. A microswitch, a c t i v a t e d  by 
the  ba t ch  feed tank a s  it empties, deac t iva t e s  the so lenoid  valve and per- 
m l t s  t he  r e f i l l i n g  of the batch  tank from the pres su r i zed  p r e t r e a t  tank. 
The In t roduc t ion  of ur ine  i n t o  the wick lowers t h e  wick'e i n t e r n a l  tempera- 
t u r e  and d r ives  t h e  con tac t s  below the s e t  p o i n t  t o  begin another  cycle. 
The proceased water  leav ing  the  c e n t r i f u g a l  s epa ra to r  passes through a con- 
d u c t i v i t y  sensing c e l l  which d isp lays  the  water  conduc t iv i ty  i n  d c r o n h o s  
per centimeter on a psnel-mounted s e t  p o i n t  meter. 
ebove a predetermined l e v e l ,  con tac t  w i t h  the  s e t  p o i n t  e c t i v a t e s  a solenoid 
v a l v e  t o  d i v e r t  the  contaminated w a t e r  d i r ec t ly  t o  a discharge  l i n e  f o r  collec- 
t i o n  f o r  reprocessing.  Uncontaminated w a t e r ,  wi th  conduc t iv i t i e s  lower than 
the meter a e t  po in t ,  passes through a charcoa l  filter i n  the  n o m a 1  c o l l e c t i o n  
l i n e  and i n t o  the  s to rage  tank. The solenoid d i v e r t e r  valve i s  f u r t h e r  CUI- 
t r o l l e d  by a panel-mounted switch, providing f o r  automatic operat ion as des- 
aribed, manual d ive r s ion  of e l l  product water,  o r  no d ivers ion .  Panel- 
mounted s i g n a l  l i g h t s  i nd ica t e  high conduct iv i ty  and d i v e r t e r  valve operat ion.  
If the  conduct iv i ty  rises 
A i r  flow through t h e  loop i s  monitored by a d i f f e r e n t i a l  p ressure  gauge 
acro88 the  fan,  t he  bp reading being converted to  CFM a i r  Plow v i a  tne  f an  
c a l i b r a t i o n  curve i n  t he  operat ing in s t ruc t ions .  A eigne1 li h t  i nd ica t e s  
low AP. Unit a i r  loop  temperatires a r e  seneed by duat-motante$ thermocouples 
-3- 
1 Con ti nued I 
and displayed, throtlgh t h e  temperature s e l e c t o r  switch,  on the  panel pyro- 
rrcter, 
temperature, eech monitored by a duct-mounted t h e n a f  switch. 
f a  con t ro l l ed  and nronitored by a panel-mounted v a r i a c  and wattineter. 
P r i o r  t o  the removal of a spent wick, the u n i t  is placed i n  the  "JW' mode 
wick while disconnect ing t h e  a u t m a t i c  feed eystem from the cil.cuit* 
o t h e r  automatic func t ions  remain opera t ive  during this thio 
Signa l  l i g h t s  i n d i c a t e  excessive evaporator  and condenser o u t l e t  
i ieater  power 
. of operat ion,  which permite the  continued evaporat ion of water  from t he  
All 
Uni t  Manufacture 
The a i r  evaporat ion u n i t  del ivered under this c o n t r a c t  was manufactured 
almost e n t i r e l y  from e x i s t i n g  HSD designs,  Minor modif icat ions were made 
t o  t h e  designs of the  evaporator,  water  separa tor ,  and mounting brackets .  
A new design was required f o r  t h e  e l e c t r i c  hea te r  and an ex tens ive  modifica- 
t i o n  waa requi red  t o  the  display panel design t o  accom4lodate the  hea te r  
v a r f e c  and wattmeter. The addi t ion  of these items el30 requi red  the  reloca- 
t i o n  of minor components w i th in  the unit .  
No efforts were made t o  minimize the  size or weight of this prototype unit 
which u t i l i z e d ,  wherever possible ,  r e a d i l y  ava i l ab le  commercial off-the- 
s h e l f  hardware. 
poss ib l e  aavinga of approximately 5% i n  weight and bo% i n  volrmte through 
ex tens ive  redesign and optimization. 
S tudiea  based on the  o r i g i n a l  designs of t h l s  u n i t  i nd ica t e  
All cmponcnt  and unit assembly work was accomplished a t  HSD, Canponent 
c a l l b r e t l o n s  and l e a k  and pressure t e s t e ,  where requi red ,  were perfonaed 
durinq the  component assembly phase p r i o r  to f i n a l  unit assembly. 
P ,'.=IFORVANCE 
?re l imine  ry Tea ti ng 
Teats t o  determine the  proper operat ion of a l l  components and t o  establish 
nominal processing r a t e s  were run a t  the  completion of arrsembly. 
were made i n i t i a l l y  with d i s t i l l e d  water end l a t e r  with p r e t r e e t e d  ur ine .  
R e s u l t s  of these  tests a r e  shown i n  Figures 3.1 t o  3.&. 
Test runs 
Acceptancq Tent ing 
The u n i t  ecceptonce test, consis t inf :  of an e i g h t  hour continuous m, a twelve 
hour s imulsted e a r t h - o r b i t a l  cyclic run and a fou r  hour dry down n;n i n  
accordance wi th  con t r ac tua l  requirements, was performed from July 22 t o  July 
26, 1965 a t  HSD. The a t t ached  plan of test (Appendix) o u t l i n e s  the procedures 
of t h i s  test. Data recorded during t h i s  t e s t  and r e s u l t s  of the  analyses  
of produat water  eamples co l l ec t ed  during the tos t  a r e  presented in the 
Appe ndix. 
ACCEPTANCE TEST RFSULTS AFX) DISCUSS13N 
P l o t s  of processing r a t e ,  system temperatures and wick temperatures a re  
p resen ted  i n  Figures  L.1, 4.2 and b.3 respec t ive ly ,  f o r  t h e  e i g h t  hour con- 
t i nuous  running test. 
test is p r e s a n k d  i n  Table 4.1. 
A t abula t ion  of t he  processed water  analyaer  for this 
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, TABLE 4.1 
- 
yrocessed Water Anal.;sfs - 8 hour continuous run 
0 SAXTLE s 
1 2 3 Ir LT:CTS ( 2 )  ITM -
? H  
colot‘, Apparent 
Turbidity 
Solids, Volatile 
Solids,  Fixed 
A l k a l i n i t y  
Hardness 
Cxygen Consumed 
Nitrofven, A;nn,onla 
Nitrofen, Albuminoid 
Nitrocen, Nitrite 
liitrogen, Nitrats 
KitroFen, area 
C h l  o r i de 
Sulfate (SO&) 
CopFer 
I ron  
Fluoride (? )  
Manganese 
Phosphate (POh) 
@ionic Detergent 
xavalent Chromium 
nd uct i v i t  y 
S o l i d s ,  T O h l  
3acterlological  Analyslrr 
7.0 
0 
1 
2 
18 
20 
0.0 
6 
0.92 
0.75 
0.010 
0.032 
0 
< 0.5 
< 0.8 
4 0.01 
< 0.022 
0 
0.112 
0.129 
4 0.03 
..) 
< 0.01 
15.1 
6 * 9  
2 
1 
il 
6 
10 
5.0 
0 
1.0 
O*& 
.*: 0.03 
0.0olr 
0.a2 
0 
.( 0.5 
qo.8 
0.01 
0.022 
0 
0 
0 
0 
4 0.01 
11.2 
6.9 
1 
0 
12 
0 
3.2 
6.0 
0 
0.85 
0.96 
0.03 
0.006 
< 001 
10 
< 0.5 
0 
0.11 
0.022 
0 
0.062 
0 
0 
4 0.01 
15.1 
a 
6.9 
2 
1 
12 
6 
18 
5 .O 
0 
1.0 
0.78 
4 0.03 
0. ma 
0 032 
20 
< 0.5 
0 
4 0.01 
0,038 
0 
0.05 
0 
0 
e 0.01 
9.6 
SAMPLE 
1 3 
Standard p l a t e  count (bac ter ia /d )  
Coliform orranisms detected 
lr6,800 117,000 S.5. 
N.S. 0 0 
Kost probable number of coliform oreanism per 100 xd (2.2 < 2.2 
The letters N.S. in the “USPHS LIMITS” column indicate that no limits for them items 
have been specified. - 
All quantit ies  except p H ,  Color, turbidity and conductivity are parte per mill ion. 
p H, color and turbidity are ecale nuarbere, while c o n d u c t i v i t y  I s  exprescsd in micronhoe 
per centimeter, 
Sample6 referenced to data sheet8 1 and 2 reading numberet 
t 
SX.!PLE 
1 
L 
2 
3 
tr 
Eiadteria 1 
h c t e r i a  2 
1- 7 
0-15 
16-21 
21-32 
17 
32 
-&- 
.\ A.0 (" boniinueal 
The evapora tor  i n l e t  temperature of 1SS'F used fo r  t h i s  t e s t  was ce te rn ined  
i n  prel inl inery t e s t i n g ,  i n i t i a l l y  with water and l a t e r  w i th  u r ine ,  t o  be 
the  most e f f i c i e n t  temperature cons i s t en t  wi th  t h e  f i x e d  cool ing  water  tcnp- 
e r e t u r e  of 91'F t o  guarantee the  spec i f iedGprocesshg  r a t e  of 1.25 I b s f h r .  
Comparlson of t he  analyses  of the procesSed water  from t h i s  t e s t  w i t h  the 
va lues  e s t ab l i shed  for acceptable  dr inking  u a t e r  by the  United S t a t e s  h b l i c  
Eee l th  Service (both  shown i n  Table &.I) i n d i c a t e s  t h a t  i n  every  case the  
nnr lync8 o f  the 8 0 m p l ~  takan m i t e r  four and eight houra running show no 
col i form bac te r i a  present  and t o t a l  bacter ia /ml  l e v e l s  below those  n 
found i n  unt rea ted  well water considered acceptab le  f o r  consum2tion. 
I t  should be noted t h a t  while the samples were collected i n  s t e r i l i z e d  
vessels, n e i t h e r  t he  product water nor  t h e  water reclamation system were 
t r e a t e d  with any b a c t a r i e c i d a l  agent. 
P l o t s  of  proceasing r a t e  and eystem temperatures f o r  tne twelve hour, 60 
minutes on, 40 minutes off cyc l i c  test a r e  presented i n  Figurea 4.4 ana &.s. 
A t abu la t ion  of the processed water ana lyses  f o r  t h i s  test i s  presentad  i n  
Table L.2. 
i 
I 
<processed water  is well wi th in  the e s t ab l i shed  l i m i t s .  The b a c t e r i o l o g i c a l  
Conditions for  t h i s  t e s t  were, by con t rac tua l  requirement, s e t  tho sane as 
those for t he  e i z h t  hour continuous t e s t  and j3e lded  a processing r a t s  of 
92% of the  continuous r e t e .  
4 .b )  during t h i a  test, with a y ie ld  of 585 m l  each hour after the i n i t i a l  
cold s t a r t  hour f o r  the  dura t ion  of the test, i n d i c a t e s  t he  f e a s i b i l i t y  of 
developing completely e u t a n e t i c  con t ro l  and time-based f e e d  systems f o r  c y c l i c  
operat ion with only minor modif icat ions t o  the  e x i s t i n g  continuous running 
e n t a e t i c  cont ro ls .  
The r e p e a t a b i l i t y  of the processing r a t e  ( T i w e  
Processed water q u a l i t y  (Table L.2) for  t h i s  t e s t  equaled t h a t  f o r  t he  e i g h t  
hour continuous run, remaining well  wi th in  the  USPHS es t ab l i shed  l i m i t s .  
Operating p o i n t s  of t h e  system con t ro l s  and i n d i c a t o r s  a r e  presented i n  Table 
&.3 .  No d i f f i c u l t i e s  were encountered i n  the  opera t ion  of the  system i n  t h i a  
t e s t  o r  i n  t h e  previous preliminary t e s t ing .  
P l o t s  of proceasing r a t e s ,  wick wetness and water conduc t iv i ty  f o r  t h e  fou r  
hour d r y  down run a r e  presented i n  Figure6 L.6 and L.7. Though no ana lyses  
were made of t h e  water  processed during the  t e s t ,  t he  conduct iv i ty  reedings 
i n d i c a t e  t h a t  a l l  water  processed wab of eoceptable  qua l i t y .  
5.0 CONCLUSIONS 
The A i r  Evaporation Water Reclamation System has been completed on schedule 
and has s u c c e s s f u l l y  met e l l  performance requirements of the  cont rac t .  
I t  should be noted t h a t  while the system has been d e a i p e d  f o r  "zero e'' 
opera t ion ,  t h e  evaporat ing wick reme i n s  gravit.y dependent and will n o t  
n e c e s s a r i l y  perfonn proper ly  in a l l  a t t i t u d e s  i n  a g r a v i t y  f ie ld .  
eyatem amponants  ara gravity independent. 
A l l  o t h e r  
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TAaLE &.2 
Proceased Water Anslyses - 12-Hour Cyclic Run 
Item -
PH 
Color, apparent 
"urb idi ty 
Solids, vola t i le  
Solids, fixed 
Alkalinity 
Iiardness 
Oxygen consumed 
Nitrogen, ammonia 
Nitrogen, albuminoid 
Nitrogen, nitrite 
Nitrogen, nitrate 
Nltrogen, urea 
Chloride 
Sulfa te  (Sob) 
Copper 
I r o n  
Fluoride (F) 
Manganese 
Phosphate (FO4) 
Anlonic detergent 
Hexavalent chromium 
Conductivity 
SOlLd5, total 
Sample 
5 6 7 8 
7 00 6.9 6.9 7 *O 
2 0 1 1 
0 0 0 0 
16 6 8 4 
10 12 6 4 
26 18 1 4  ,a  
7 * O  8.0 7.0 8.0 
4 0 0 0 
0.8 0.6 0.75 0.9 
10 .03  0 e0.03 ( 0 . 0 3  
0.006 0.006 0.006 0.006 
0.056 0.036 0.032 0.042 
0 10 10 0 
0 0 0 0 
0.02 40.01 c. 0.01 4 0.01 
0.022 0.022 0.022 0 038 
0 0 0 0 
0 075 0.05 0.05 0.05 
0 0 0 0 
0 0 0 
40.01 40.01 4 0.01 0.01 
13.5 14.3 15.2 15.5 
0.90 1.05 1.32 1.32 
(0.5 4 0.5 c 0.5 e 0.5 
- 
USTiS 
L 1 r.i t s -
4 10.5 
1 5  
5 
?:.s. 
ii. s. 
500 
X.S. 
2.I.S. 
S . S .  
4.5. 
N.S. 
N . S .  
10 
N.S. 
259 
250 
1.0 
0.3 
3.4 
0.3 
0.5 
0.05 
N . 3 .  
N.S. 
Sample'referenced to data sheets 3, 4, and 5 reading numbers: 
Sample Reading Numbers 
5 1 -  9 
6 10 - 10 
7 
8 
19 - 27 
28 - 36 
0 
20 
TIME - HOIJRS 
E 
a v  
40 
30 
I 
: 
i 
:i 
. ,  a .  
I .  . . .. . . . .  
. . . . . . . . . . .  
...... 1 _.._ 
. I  . . .  
................ .- 
TrME - H O U R S  
T A U  &.3 
SYS" OPEilATINO POINTS - R%FEXiENCE DATA SEET 6 
Fan AP lor indicating light - off a t  1.9 inches H20 
Evaporator temperature out high indicating l i g h t  - on a t  206'F 
I off a t  14O'F condenser 
! ' 
f n l e  t temp, 
Condenser temperature out high indicating light - on a t  Ul'F 
off  a t  126'F 
M v e r t e r  valve on indicating l i g h t  - 
Switch in "Manual" - Light on 
Switch i n  "Auto", 
Conductivity below s e t  point - light off 
Conductivity a t  set  point - l i g h t  on 
Conductivity high indicating l i g h t  - 
Conductivity btlm s e t  point - l i g h t  of f  
Conductivity a t  r e t  point .I l i ght  on 
. 
a 
1. "Chemical Aspect8 of U r i n e  Dirtillation" by David F. htnam, ASME Paper 
"Public Health Service M n k i n g  Water Standards" 
6S-AV-2&, Janw xy , 1965. 
Health, Wuccrticm and Uelfarr, Washington, D. C., 1962. 
2. U. S, Deportoent of 
I 
Ai’PENDIX 
. 
, 
' .  
ACEPTANCE TEST 
HSC-AE PACKAGE 
Prepared by t La. Icl?Q-&Ly, 
H. Kolnaberg 
- 
Approved byr 
, 
a 
2,0 
3.0 
The item being t e s t e d  is t h e  Air Evaporation Water Reclamation System, 
serial  number 3, manufactured under c o n t r a c t  number %AS 9-3796 fo r  t h e  
KASA Manned Spacecraf t  Center ,  Houston. 
The  purpose of t h e  tests i8  t o  eva lua te  t h e  performance of 
c o n s i s t e n t  v i t h  c o n t r a c t u a l  requirements. 
ope ra t ion  of eystem con t ro l8  and i n d i c a t o r s  and the ability of t h e  u n i t  
to produce potable water a t  preecribed 
t h e  u n i t  
Tests w i l l  demonstrate t h e  
ratee. 
The t e r a t  set-up i o  shown schemati@aU.y i n  Figure 1. 
requi red  is: 
Ins tnunenta t ion  
3 Pressure  r e g u l a t o r s  (0-8 pstg) 
3 Pressure  gagas (0-8 paig)  
1 Flow meter 
2' of 2m In flu hose 
1 u r i n e  supply tank 
Shop air  or n i t rogen  
Cooling water 
28 Volt DC power 
120/208 Volt, 30, 400 cycle power (2,s KW) 
Power analyzer for AC and DC power 
6 Water manometers 
(1-& G P H  water) 
(4 l i t e r s )  
(L SPM a t  6Oo-95OF) 
2 ~ e ~ O C O U p l e 8  
(1 amp) 
TEST D3SCRIPTIONS 
Dry run to check opera t ion  
so lenoid  va lves  and meter set po in t  relays - one h w r .  of i n d i c a t i n g  l i g h t s ,  thermal twitches,  
U r i n e  reclamation run - 8 hours continuous a t  cond i t ions  determined In 
preliminary t e s t i n g  t o  yield a process ing  rate of 1.25 l b a h r .  
Urine reclamation run - 12 hours cyclic, 60 minutes on, &O minutes off 
at  condi t ione  of Ir.2. 
D8ta t o  be recorded for u r i n e  r ea l ana t ion  runs: 
Evaporator i n l e t  temperature 
Evaporator outlet temperature 
Condenser outlet temperature 
Heater  inlet temperature 
Fan 4 P  
Heater power 
Processed water conductivity 
Wick feed temperature 
P r e t r e a t  tank l e v e l  
Cooling water flow rate 
Cooling water I n l e t  temperature 
Cooling w8 t o  r outlet  temperature 
Processed water voluate 
AC power 
DC power 
6 Component AP'o 
Unit  pyrometer 
Uni t  pyrometer 
U n i t  pyrometer 
U n i t  pyrometer 
Uni t  AP gage 
Un i t  wattmeter 
Unit  cond. meter 
Unit. temp. meter 
U n i t  sight gage 
Externa l  f l o w  meter 
Externa l  TC 
Externa l  TC 
Graduated beaker 
Extdrnal Analyzer 
Externa l  ana lyzer  
External manometers 
5.0 a 
I 
5 4% 
I 
5.2 
-2- 
TEST ~ O ~ E ~  
With u n i t  set-up as in Figure 1: 
I n s t a l l  evaporator  wick bypass hose with cool ing water f l o w  o f f ,  t u r n  
system mode s e l e c t o r  switch t o  t t ~ f l ,  p t e s s  iX: power switch and AC 
power "pres8 t o  s t a r t "  su t t ch .  Note fancsP on f an  p res su re  rise gage 
when "fan AP low" f n d i c a t o r  l i g h t  goes out. 
Turn h e a t e r  power v a r i a c  t o  maximum s e t t i n g  ('100). 
condenser o u t l e t  temperatures when corresponding "high" i n d i c a t o r  l i g h t s  
corn on. 
and condenser o u t l e t  temperatures when i n d i c a t o r  lights go out ,  
Note evaporator  and 
Turn heater power vrriao to minimum setting ( 0 ) .  Note evaporator  
T u n  conduct iv i ty  meter s e t  po in t  t o  m a x i m u n ,  Place d i v e r t e r  valve 
switch i n  "ma~ual" poeftion. 
c a t o r  l i g h t .  
t i o n  of "DVO" i n d i c a t o r  l i g h t .  
ntest" va lue  on meter. 
opera t ion  of liDVOtl i n d i c a t o r  l i g h t .  Release test  swftch. 
Note opera t ion  of "Diver te r  valve onf* indi- 
Turn conduct iv i ty  m$er set point below 
Place d i v e r t e r  valve switch i n  "autot1 pos i t i on ,  Note opera- 
Hold meter test switch i n  "testr1 p o s i t i o n  and note  
Turn system mode s e l e c t o r  switch t o  "off". 
F i l l  u r i n e  supply tank with p r e t r e a t e d  u r i n e  and p r e s s u r i z e  tank  t o  4 psig.  
Turn waste water i n l e t  va lve  t o  "off" ,  t r a n s f e r  u r i n e  from supply tank t o  
p r e t r e a t  tank and p resgur i ee  pretreat tank t o  8 p i g ,  
5.3 
I n e t a l l  wick package and connect feed  va lve  and thermis tor .  
c o n t r o l  valve t o  "manual". 
waste water i n l e t  va lve  to rconn, permi t t ing  urine t o  feed  from the  pre- 
t r e a t  tank. 
i n l e t  valve t o  ' I o f P .  Note time. 
as required. 
and adduet a8 directed, 
set p o i n t  i n d i c a t o r s  a t  120  4 and 100 micromhos/cm r e spec t ive ly ,  Turn 
system node selector switch t o  t truntl ,  p re s s  DC pouer switch and AC Ifpress 
t o  switch. Adjuat h e a t e r  variac a8 directed. Record data of h.4 
a t  1s minute i n t e r v a l s  f o r  8 hours, 
b o t t l e s  f o r  chemical ana lys i s .  Label b o t t l e s  as t o  conten ts ,  referencing 
data s h e e t  c o l l e c t i o n  numbers. 
after & and 8 hours of running a s  directed for b a c t e r i o l o g i c a l  ana lys l e ,  
Turn feed  
Note l e v e l  of p r e t r e a t  tank s i g h t  gage. Turn 
When s i g h t  gage l e v e l  drops by 3.0 l i ters,  t u r n  waste vater 
Ref i l l  u r i n e  supply and p r e t r e a t  tanks 
Two hours after f i l l i n g  of wick, t u r n  cool ing  water flow on 
Se wick feed temperature and conduct iv i ty  meters 
S t o r e  c o l l e c t e d  water i n  one l i t e r  
Draw s t e r i l e  samples of processed water 
Continue running a t  condi t ions of 5.2, cycl ing 60 minutes on, LO minutes 
o f f .  To t u r n  u n i t  o f f ,  t u r n  system mode s e l e c t o r  switch t o  t l o f f t f .  
t u r n  uni t  on, t u rn  system mode s e l e c t o r  switch t o  nrunl l ,  p r e s s  DC power 
and AC npresa  t o  start" switches. 
vals, beginning 10 minutes a f t e r  start of  i n i t i a l  on cycle, for an elapsed 
time of 12  hours,  
Turn system mode s e l e c t o r  switch t o  ltdry" and record da ta  of !~.b a t  30 
)ninute In te rva le  f o r  & hours, 
Shut  o f f  cooling water flaw and depressur ize  a l l  tanka, 
To 
Record data of h.b a t  20 minute  I n t e r -  
S t o r e  co l l ec t ed  water f o r  ana lys i s  as i n  5.2 a8 d i rec t ed .  
Turn system mode a e l e c t o r  twi tch  t o  "offn.  
Data will be reduced to  yield opera t ing  paraiietera and proaessing rates 
urd delivered, with water malysae, t o  NASA-HSC, 
t 
/ a 
~--u-= \ 
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T E M P E R A T U R E S  O F  
S W I T C M  No 
ITEWPERATURE LOG Of R E f R t G E R A T I O #  UNIT TEST 
-- p g  ii =--- - 
TURBINE A C C E S S  q y  OEvELOPrENT GROUP 
A -  . -  
r f l  
ENC. P R O J f C f  &do PL&N No - _-- 
ENGlWEER+kG $ $ T R u C T l O N  No 
E W I  No --- W R I T T E N  BY 
-1 
1 
I 
E U G I N E E R  
SUPERYlSIY9 TEST 
NCS I 
INSPECTION I 
O P E R A T O R  
INSPECTOR 
TEMPERATURES OF+ 
S W I T C H  No.- 

. 
I 9 E A R l N G S  
Y- 7 
INSPECTION I 
ACCEPTED . 
"" REJECTED 
BOOTI N O  TYPE OF TEST f i - M l  p w  
U N t T  SERIAL No L A S S E Y 8 t Y  No TEST SPEC - 
H E A T  E X C H A N G E R  S E R  NO ( P R I M A R Y )  (SECONOAI 
- -.  
TEMPERATURES O F 4  
S W I T C H  No - _ -  ;;;1-- SPEED 
I I .I 
t 
SMlfEf N o L  
N A V Y  
REJECTED 
*cJr- SO. IC 2 / 6 2  
r-a 
BOOTH No TYPE OF T E S T ~ T L L - ~ ~ ~  W G G  A U I  
UWlT SERIAL No 3-ASSEU8LI No TEST SPEC 
(SECO e HEAT E X C H A N G E R  S E A  Aia ( P R I M A R Y  1 
1330 I I 

- 
*El 
OULI 
-- 
off v 
euLa 
I-. 
r t w c :  I TFI 1 TTI 
INSPECTION I !  
S W I T C H  No 

IHCS z.s 
INSPECTION 
REMARKS: 
L 
\ 
T f G C  sc - 
FEST SPEC ENG PROJECT AND PLAN No 
(S €CON OAR Y 1 ENGINEEf?tMC t P  S T R U C T l O N  No 
SHEET No 6 
8 .  - 
O A T E  7136p f 
O P E R A T O R S  
INSPECTION 
IWSPECTOR 
U A V V  
ACCEPTED 
''IT REJECTED 
P.O. 16724IiM wm, oD)(NtcTIcuI 
REPORT ON EXAMINATION OF WATER 
Uvnw 
am euiwm 0"" M. ?. uols 
U R n l Q I O O I S T  
574504 Cor aient H a m i l t o n  S t a n d a r d ,  D i v .  United A i r c r a f t  @bpie  N ~ .  
W i n d s o r  Locks, Cc,nn., A t t :  Mr. K o l n s b e r g  7-30-65 
Collected bv Date R e m  
#i - U r i n e  D i s t i l l a t e  a t  Received7-23- 65Hour Temp. 
7.0 Color ( CNC) ( apparent ) 0 Odor PH r e a d i n g  1-7 
Source 
I 1 Sediment Foaming Turbidity 
Le58 than 0.5 1. Solids, Volatile - - - - 2 9. Chloride - - - - 
2. 
3.  Total - - - - 20 1 1 .  Total Hardness - - - 
4. Effect on heating - - - - no charr ing 12. FreeCOz (Calculated) - - 
5.  AmmoniaNitrogen - - - 0 - 7 5  13.  Iron - - - - - - 
18 10. Alkalinity - - - - - 8 ,o Fixed - - - - 
b 
6. Albuminoid Nitrogen - Le-' - than 0.03 i4. Manganese - - - - 
7. Nitrite Nitrogen - - - - 0*01015. Oxygen Consumed 0.92  
8. Nitrate Nitrogen - - - - O.O3216 Anionic D e t e r g e n t  l n s u f l - i c i e n t  
sample  
17. Standard Agar Plate Count at 35°C. - - - - - - - - - - - 
Test for Coliform Organisms. 
Quantity of sample, ml. . I  ml. 1 .O ml. 10.0 mi. portion 
Gas in lactose broth in 24 h n .  - - 
Gas in lactose broth in 48 hrs. - - 
- 0 
- 
Coliformorganisms - - - - - 
Most Probable Number Coliform Organisms per 100 ml. - - - - - - 
(All  chemicol data given in parts per miillon.) 
GENERAL. CONCLUSIONS: 
H e x a v a l e n t  2hromlum 
S u l f a t e  ( S O  ) 
Urea N i t r o g e n  
Iron 
C o p p e r  
Manganese 
Phosphate (PO41 
C o n d u c t i v i t y  a t  25°C 
F l u o r i d e  (P 'j 
P r e s e n t  - less t h a n  0.01 p a r t s  r;<r m l i i :  
T r a c e  - l ess  t h a n  0.8 l q  
0 
0 
0.022 
l e s s  t h a n  0.01 
0.112 
0.129 
11 
I 1  
I 1  
II 
15.1 micrornhos p e r  crn. 
I. u i ro  HWELL. DIIKI(ZI 
P.O. 16724NM STATE o(ullft SANITARY. CHEMICAL AND BACTEllIOLWICAL I H V m O A W  
MltrOUI, W K U f  -
REPORT ON EXAMINATtON OF WATER ~ 0 0 1 ) r  
H a m i l t o n  Standard,  Dlv. U n i t e d  A i r c r a f t  Cor  &&,k NO. 574505 
RcprJrtbd 7-30-65 Wlndsor  Locks, Conn., A t t :  Mr. ko'nsberg Collected by hate 
kurce #2 - Urine  D i s t i l l a t e  - Received 7-23-6Bour Temp. 
Color (true) r e a d i n g  8-15 (apparent 1 2 Odor pH 6.9 
Turbidity Scdimmt Foa rn ing 
9. Chloride - - - - &ea8 then  0.5 4 
6 
10 
1 .  'Solids. Voiatile - - - - 
2. Fixed - - - - 10. Alkafinity - - - - - 5 00 
0 11.  Total Hardness - - - 3. Total - - - - 
4. Effect on heating - 12. Free COz (Calculated) - - 
6. Albuminoid Nitrogen - Less- t h a n  0.03 14. Manganese - - - - 
5 .  ArnmoniaNitrogen - - - 0.84 13. Iron - - - - - - 
0.004, 15. Oxygen Consumed 1 .o 
0.042 16. A n i o n i c  Detergent nene 
7. Nitrite Nitrogen - - - - 
8. Nitrate Nitrogen - - - - 
17. Standard Agar Plate Count at 35°C. 
Test for Coliform Organisms: 
Quantity of sample, rnl. 
Gas in lactose broth in 24 hrs. 0 
. I  mi. 1 .O mi. 10.0 ml. portion 
Gas in lactose broth in 48 hrs. - - - 
Coliform Organisms- - - - - 
Most Probable Number Coliform Organisms per 100 mi. - - - - - - 
(All chemical data given in parts per million.) 
GENERAL CONCLUSIONS: 
Hexa .:a l e n  t Chromium 
S u l f a t e  (SO ) 
F l u o r i d e  (FP 
Urea Nitrogen 
I r o n  
Copper 
Ma nga ne s e 
Phosphate (Poq) 
Presen t  - Less t h a n  0.01 p a r t s  p e r  m i l l i o n  
T r a c e  - l e s a  t h a n  0.8 1 )  
0 
0 
0.022 
Leas t h a n  0.01 
None detected 
11 
I 1  
none 
C o n d u c t i v i t y  a t  25OC 11.2 micromhos p e r  c m .  
nrm WEMIST 
uynon 
SANfTARY, CHEMICAL AND BACTERIOLOGICAL I N V ~ l O A T W N S  
IuNtoRO, aorancrrm P.Q. 16724NM 
REPORT ON EXAMINATION OF WyEp I * C M 1 0 1 0 0 1 ~  
574506 
Collected by Date 
Source #3 - U r i n e  Distillate - Received 7 - 2 3 - 6 - h  Temp. 
r ead ing  1’ -21 1 Color (true) Yapparent 
Turbidity 0 Sediment Foaming 
v p .  Hamilton S t a n d a r d ,  D i v .  U n i t e d  Aircraft No. 
Windsor Locks,  Conn. A t t :  Mr. Kolnsberg Reprted 7-30-65 
Odor pH O b 9  
I .  
2. 
3. 
4. 
5 .  
6. 
7. 
8. 
17. 
l e 3 a  -than 0 . 5  9. Chloride - - - 12 Solids, Volatile - - - - 
- 6 .O 
0 
Fixed - - - - 0 
Total - - - - 12 
Effect on heating - - -no - charring 
Ammnnia Nitrogen - - - 0.96 
Albuminoid Nitrogen - - - o ,030 
Nltrite Nitrogen - - - - 0.006 
Nitrate Nitrogen - - - LCSS t h a n  001 
Standard Agar Plate Count at 35°C. - - - 
Test for Coliform Organisms: 
Quantity of sample, ml. 
Gas in lactose broth in 24 hrs. - - 
Gas in lactose broth in 48 hrs. - - 
10. Alkalinity - - - - 
1 1 .  Total Hardness - - 
12. Free COz (Calculated) - 
13. Iron - - - - - 
14. Manganese - - - 
15. Oxygen Consumed 
16. Anionic D e t e r g e n  
_ - - - - - -  
. 1  mi. I .O mi. 
0 . 8 5  
n L  n e  
10.0 ml. portion 
Coliform Organisms - - - - - 
Most Prohahle Number Coliform Organisms per 1 0 0  mi. - - - - - - 
(All  chemical data given in parts per million.) 
GENERAL CONCLUSIONS: 
H e x a v a l e n t  Chromium 
S u l f a t e  (SO ) 
Urea N i t r o g e n  
I r o n  
Copper 
Ma nga nes e 
Phosphate (WJ,) 
C o n d u c t i v i t y  a t  25OC 
F l u o r i d e  (F 4 
Present - l e s s  t h a n  0.01 parts p e r  m i l l i 1 . n  
0 
‘ 0  
10 11 
0.022 
3.11 
0.062 
none 
15.1 micromhos p e r  cm. 
FORM 61 
Collected by 
Source #4  - U r i n e  Distillate 
R e a d i n g s  21-32 
Color (true) (apparent) 2 
Turbidity 1 Sediment 
1. 
2. 
3. 
4. 
5.  
6. 
7. 
8 .  
17. 
Solids, Volatile - - - - 12 
Fixed - - - - 6 
Total - - - - 18 
Effect on heating - - - nu c h a r r i n g  
Albuminoid Nitrogen leS-3  t h a n  
Ammonia Nitrogen - - - 0.78 
0 e o 3  
Nitrite Nitrogen - - - - 0.008 
Nitrate Nitrogen - - - - 0.032 
Standard Agar Plate Count at 35°C. - - - 
Test for Coliform Organisms: 
10. 
1 1 .  
12. 
13. 
14. 
15. 
16. 
Alkalinity- - - - - 
Total Hardness - - - 
Free COz (Calculated) - - 
Iron - - - - - - 
Manganese - - - - 
Oxygen Consumed 
A n i o n i c  Detergent 
- - - - - - -  
5 90 
0 
i .O 
n c n e  
10.0 ml. portion I .O ml. Quantity of sample, ml. . I  ml. 
Gas in lactose broth in 24 hrs. - - - 
Gas in lactose broth in 48 hrs. - - - - 
Coliform Organisms- - - - - 
Most Probable Number Coliform Organisms per 100 ml. - - - - - - 
(All  chemical data given in parts per mil1ion.j 
GENERAL CONCLUSIONS : 
H e x a v a l e n t  Chromium 
S u l f a t e  ( S O  ) 
Urea Ni t rogen  
I r o n  
Copper 
Ma nga ne 8 e 
P h o s p h a t e  ( PO4) 
C o n d u c t i v i t y  a t  25OC 
F l u s r l d e  (P, f 
Present - l e s s  than 0.01 p a r t s  per million 
0 
0 
20 
0.038 
0.01 
o .05 
none 
( I  
I I  
If 
I1 
Lesa than 
9.6 micromhos per  em. 
State Chemist. 
C l ’ r l ~  SANlT4RI 1 LA IR0  NfXELL 
THE HENRY SOUTHER ENGINEERING CO. 
CONSULTlNG ENGINEERS CHEMIC4L AND METALLVS?CICAL NOOMAN BAMPTON 
4RTMUR SOLOUON !I LAUREL STfltO DESION SUrJERvlSlON V4LU4TION 
1 1 ” * 1 ?  
ENGINEERING F Z y A D L  SYED la90 mr wtyocn 
CWEWCAL L3ACTERfOLOGIC4L 4ND 
H~ALLUROICAL H4TtRI4LS 
TESTING LABORATORIES 
.Ic.R* - 
HARfFORD.CO”. 
J u l y  2d,  196s 
hamllton tandard  
D i v i s i o n  of  U n i t e d  A i r c r o f t  
‘ t . : i i -aus~  a a ~ a ,  cet~n.  
A t t :  :+Yr. K o l n s b e r q  
S e n t l e n e n :  
le h a v e  t h e  f o l l o w i n g  t o  : n?ort  PP thp s -:qple s u b m i t t e d  t o  t r j s  
laboratory on J u l y  23 ,  1905. 
Mar ICs 
S t s n d a r d  ?late 
c o u n t  a t  35O;: 
( F a c t e r i a  p e r  r r i ~ . )  46, cao 
O U R  REPORTS ARC RLNDCACD UPON TC(LCONOIT1ON T H A T T H E Y  ARC MOTTO BC REPRODUCED WHOLLY OR IN P A R T  F O R  A D b ‘ L R  I 
T I S I N O  CURPOSCS OVER OUR SIONATURL O R  I N  CONNLCTlOh W I T H  OUR NAME WITHOUT SPECIAL P K R M I S S i O N  IN WRITINO 
I LAIRD MCwELL THE HENRY SOUTHER ENGINEERING Co. CIVIL S A E c l r A R I  
NOUYAN B A U P I O Y  CONSULTING r c i i e L t s u E D  NGINEERS 1098 EHGIMCERING 
ARrUUR SOi0Mc)OH 
CMEUICAC AND METAL LIJRGICAL CCC5I"C"I 
I I  LAUREL STREET DESIGN S U P E P V  ZICN V A l l f 4 T l O M  .-:I c9tSmc". 
CHCUICAL EACTERqOCOG~CAi A N 0  
HARTFOf?D.CONN. YETALLV9GlCAL H4TERx4LS 
* c c . p . p  mu3mcm 
TESTING LABOPATORIES Jiiip 2 3 ,  1 9 u 5  
DL;;: cak 
OUR REWRTS A R C  RENDERED UPON THE CONDITION THATTHEY A t w  MOTTO BE n e p u o m c m  WHOLLY O R  IN PART FOR ADVER 
T IS INO PURPOSES OVER OUR SIONATIJRE OR IN CONNECTION WITH OUR N A M E  WtTHOUT SPECIAL PERMISSION I N  WRIT ING 
574524 
REPORT ON EXAMINATION OF Wq& ~ 1 O L O Q l s T  
Client Hamil ton  Standard,  D i v .  U n i t e d  A i r c r a f t  -& N ~ .  
Collected by Date 
surce #5 - U r i n e  D i s t i l l a t e  - Received 7 - 27 - 6Wour Temp. 
Report4 7-30-b5 Windsor Locks,  Conn. ,  A t t :  M r .  K o l n s b e r g  
I g b p S t ,  2 Odor pH 7.0 -23 - R e a d i  Color (true3 
Foaming Turbidity Scdimmt 
1. 
2. 
3. 
4. 
5 .  
6.  
7. 
a.  
17. 
Solids, Volatik - - - - 16 9. 
Fixed - - - - 10 10. 
Total - - - - 26 1 1 .  
Effecton heating- - - no C h a r r i n g  12. 
AmrnoniaNitrogen - - - 0.90 13. 
Albuminoid Nitrogen - l ess -  t h a n  0 ° 3  14. 
Nitrate Nitrogen - - - - 0.056 16. 
Standard Agar Plate Count at 3 5 O C .  - - - - 
Nitrite Nitrogen - - - - 0.006 15. 
Chloride - - l e s s  - than 
Alkalinity- - - - - 
Total Hardness - - - 
Free COz (Calculated) - - 
Iron - - - - - 
Manganese - - - - 
Oxygen Consumed 
A n i o n i c  Detergent  
- - - - - - -  
0.5 
7 =o 
4 
0.8 
none  
Test for Coliform Organisms: 
Quantity of sample, mi. , I  mi. 1 .O ml. 10.0 mi. portion 
Gas in lactose broth in 24 hn.  - - - - 
Gas in lactose broth in 48 hrs. - - - 
Coliform Organisms - - - - - 
Most Probable Number Colifonn Organisms per 1 0 0  ml. - - - - - - 
(All  chemical data given in parrs per million.) 
GENERAL CONCLU~IONS : 
Hexava len t  Chromium 
S u l f a t e  (SO ) 
F l u o r i d e  (FP 
Urea Ni t rogen  
I ron  
Copper  
Ma nga n e8 e 
P h o s p h a t e  (PO4) 
C o n d u c f i q i t y  a t  25OC 
P r e s e n t  - l e s s  t h a n  0.01 p a r t s  p e r  m i l l i L n  
0 
0 
0 
0.022 
0.020 
0.075 
n 
I t  
I1 
none 
8 
13.5 micromhos p e r  em. 
State Chemist. 
I. LAIRD NTWELL. D I w l d (  - -  
STATE cnElrtsr SANITARY, C M W C U  AND BACTER101061CAL INV~TIOATIOWS 
HmWotD, Q)"MIM nomAu&" 0. r: 
REPORT ON EXAMINATION Of WATER UcTmlOlaQln Cor 
Client H a m i l t o n  S t a n d a r d ,  Div. U n i t e d  A i r c r a f t  h P k  N ~ .  574525, 
Collected by Date Reported 7-30-65 Windsor  Locks, Conn. A t t :  M r .  K o l n s b e r g  
sounx #6 - U r i n e  D i s t i l l a t e  - Received 7 - 2 6 - G u r  Temp. 
Color A ?rue? C e a d i n g s  10- tasppmat) 0 Odor pH 6 * 9  
Turbidity 0 Sedimerrt 
1. 
2. 
3. 
4. 
5 .  
6. 
7. 
8. 
17. 
Solids, Volatile - - - - 0 9. 
Fixed - - - - 12 IO. 
Total - - - - 18 1 1 .  
Effecton heating- - - no c h a r r i n g  12. 
AmmoniaNitrogen - - - 1-05 13. 
i 4. 0 Albuminoid Nitrogen - - - 
Nitrite Nitrogen - - - - 0.006 15, 
0.036 16. Nitrate Nirrogen - - - - 
Standard Agar Plate Count at 35°C. - - - - 
Test for Coliform Organisms: 
Foaming 
l ess  t h a n  
Alkalinity- - - - - 
Total Hardness - - - 
Free COz (Calculated) - - 
Chloride - - - - - 
Iron - - - - - - 
Manganese - - - - 
Oxygen Consumed 
A n i o n i c  D e t e r g e n t  
0.5 
8.0 
0 
o .8 
Quantity of sample, mt. . I  ml. 1 .O ml. 10.0 ml. portion 
Gas in lactose broth in 24 hrs. - - - 
Gas in lactose broth in 48 hrs. - - - 
Coliform Organisms - - - - - 
Most Probable Number Coliform Organisms per 100 ml. - - - - - - 
(All  chernicai dura given in parrs per million.) 
GENERAL CONCLUSIONS: 
Hexa va 1 e n  t Chromium 
S u l f a t e  (SO ) 
Urea N i t r o g e n  
Iron 
Copper  
Ma nga nes e 
Phosphate  
F l u o r i d e  (F 'j 
C o n d u c t i v i t y  a t  25OC 
l ess  
Present - 
than 
less t h a n  0.01 p a r t s  p e r  r n i l l l c n  
0 
0 
10 
0.022 
0.01 
none 
I 1  
II 
11 
I t  0.05 
14.3 micromhos p e r  cm. 
State Chemist. 
I STATE OcWtSI SANITARY. CHEMJCAL AND 8ACTERlOlOGICM lWESTKiAflONS 
REPORT ON EXAMINATION OF WATER ~ l f O L o O 1 s I  
aient H a m l l t c n  Standard,  D i v .  n l t e d  A i r c r a f t  c O ~ & p l e  No. 574526 
Collect ed by Date Reported 7-30-65 
Windsor Locks,  Conn. Xtt: Mr. Kolnsber 
Turbidity 0 Sediment Foam tng 
1 .  Solids, Volatile - - - - , 6 9. Chloride - - l f l s q  t l p n  0.5 
2. Fixed - - - - 10. Alkalinity - - - - - 7.0 
3. Total - - - - 14 11. Total Hardness - - - 0 
6 
4. Effect on heating- - DO Char r in fS  12. Free C02 (Calculated) - - 
5. Ammonia Nitroeen - - - 1.32 13. Iron - - - - - - 
6. Albuminoid Nitrogen - less t h a n  0.03 14. Manganese - - - - 
7. Nitrite Nitrogen - - - - 0,006 15. Oxygen Consumed 0.75 
8. Nitrate Nitrogen - - - - 0 * 0 3 2  16. Anionic D e t e r g e n t  Insufficient 
17. Standard Agar Plate Count at 35°C. - - - - - - - - - - - sampie  
Test for Coliform Organisms: 
Quantity of sample, mi. . I  mi. 1 .O ml. 10.0 ml. portion 
Gas in lactose broth in 24 h n .  - - * 
Gas in lactose broth in 48 hrs. - - 
Coliform Organisms - - - - - 
Most Probable Number Coliform Organisms per 100 ml. - - - - - - 
0 
- - 
(AN chemicul data given in parts per million.) 
GENERAL CONCLUSIONS : 
Hexavalent Chromium 
S u l f a t e  (SO ) 
F l u c r i d e  (F! 
Urea Ni t rogen  
I r o n  
Copper 
Ma nga n e  8 e 
Phosphate 
Conduct iv i ty  a t  25"' - 
P r e s e n t  - l e a s  t h a n  0.01 p a r t s  p e r  million 
0 
0 
10 (I 
0.022 
l e s s  t h a n  0.01 
none 
0.05 
15.2 mlcrornhos per cm. 
State Chemirt. 
sourct #8- - U r i n e  Distillate - 7-23 ~ ~ i d 7 - 2 6 - 6 h ~ ~ ~  Temp. 
Color (true) ( a p p a m t  1 1 Odor pH 7.0 ATC R e a d i n g s  28-36 
Turbidity 0 sedimeat Foaming 
4 9. Chloride - - leas -than 0.5 
8 11. Total Hardness - - - 0 
8 .O 1 .  Solids, Volatile - - - - 
2. Fixed - - - - 4 10. Alkalinity - - - - - 
3. Total - - - - 
4. Effect on heating - - - Po charring 12. F r e e C 0 1  (Calculated) - - 
5 .  AmmoniaNitropcn - - - 1 . 3 2  13. Iron - - - - - - 
6. Albuminoid Nitrogen - less-  t h a n  0.03 14. Manganese - - - - 
7. Nitrite Nitrogen - - - - 
8. Nitrate Nitrogen - - - - 
0.006 15. Oxygen Consumed 0.9 
0.042 16. Aniomic Detergent  no ne 
r 
I f .  Standard Agar Plate Count at 35°C. - - - - - - - - - - - 
Test for Coliform Organisms: 
Quantity of sample, ml. . I  ml 1 .O ml. 10.0 ml. portion 
0 Gas in iactose broth in 24 hrs. - - - 
Gas in lactose broth in 48 hrs. - - - 
Coliform Organisms - - - - - 
Most Probabk Number Coliform Organisms per 100 ml. - - - - - - 
(All chemical data given in parts per million.) 
GE ~ ~ E R A L  CONCLUS~ONS : 
Hexavalent Chromium Present - lesE than  0.01 p a r t s  i ~ e r  n i : . d :  r: 
S u l f a t e  (SO ) 0 
I r o n  0.038 11 
0 
0 Urea N i t r o g e n  11 
Copper less than 0.01 
Ma nga ne s e 0.05 
Phosphate (PO4) none 
Conductivity a t  25°C 15.5 micromhos p e r  cm. 
F l u o r i d e  ( F  I 
I f  
State Chemist 
Foull 41 
MSC AIR EVAPORATION 
WATER ECLAMATION UNIT 
OPERATING AND ROUTINE MAINTENANCE 1lrlSTRUCTIOF-S 
Contract Number NAS-9-3796 
August 12, 1965 
Repand by: 
n t a l  Engineer 
A I R  EVAPORATION WATER ZE3XA.MATION SYST" 0 I. 
It i a  the  func t ion  of t h i s  system t o  reclaim potab le  water from chemically pre- 
t r e a t e d  u r i n e  by evaporat ion from an enclosed wick i n t o  a c i r c u l a t i n g  a i r  stream, 
charcoal  f i l t r a  t l o n  of  t he  s e t u r  ted a i r ,  condense t i o n  i n t o  a i r - en t r e  ined drop- 
the  procesaed water. 
a t i o n r  8ave an i n i t i a l  f i l l i n g  and per iodic  replacements of expendeblee be ing  
Icta, c e n t r i f u g a l  s epa ra t ion  of % r and water and a f i n a l  charcoal  f i l t r a t i o n  of 
This is accomplished i n  a c losed  loop system w i t h  8il oper- 
ntllJ outalJatic. 
1.0 OPERATING PROCEDURES 
1.1 
1.2 
Befors s t a r t i n g  system (with new wick) 
1.1.1 
1.1. 2 
101.3 
1.1.L 
1.1.5 
1.1.6 
These 
Ensure t h a t  flow cont ro l  and  waste water  i n l e t  valves  on r i g h t  
panel a r e  i n  "AUTD" and "CL3SED" pos i t i ons ,  r e spec t ive ly ;  and 
t h a t  system mode s e l e c t o r  and e l e c t r i c  pow& awitchea on l e f t  
panel a r e  i n  "OFF" posi t ion.  
Check p r e t r e a t  tank for proper ( 8  ps ig )  pressure and liquid 
l e v e l .  
I n s t a l l  wick I S  per wick replacement procedure (Sect ion 2.0). 
S igh t  g l e e s  should show a t  l e a s t  h.5 liters i n  tank. 
Turn waste water i n l e t  valve on r i g h t  panel  to  "OPEN". 
Note p r e t m e t  tank l e v e l  i n d i c a t o r  pos i t i on  end t u r n  feed  
c o n t r o l  valve on right panel to "MANUAL". 
When p r e t r e a t  tank l e v e l  drops by 2.5 liters, t u r n  feed  c o n t r o l  
valve t o  "AUTO". 
steps have Introduced the I n i t i a l  charge of u r i n e  into the  wick. 
&fore s t a r t i n g  t h e  aystem, a wai t ing  per iod of fou r  hours must be 
allowed t o  pennl t  t h i a  charge t o  d i s t r i b u t e  evenly through the  wick t o  
asmure proper evaporation. 
102.1 
1.2.2 
1.2.3 
1 . 2 A  
1.2.5 
1.2.6 
Enaurr t h a t  d ive r t e r .va lve  swi tch  on l e f t  panel  is i n  "AUTO" 
pos i t ion .  , 
Set wick feed  temperature meter a c t  po in t  i n d i c a t o r  a t  120.r". 
Set water conduct ivi ty  meter  a e t  po in t  i n d i c a t o r  a t  100 micromhos 
p e r  centimetar.  . 
Turn e l e c t r i c  power switches on l e f t  panel t o  "ON". 
T u n  on condenser cooling water  flow. 
Turn system mode s e l e c t o r  switch on l e f t  panel  t o  "RUN". 
preasum a lgna l  l i g h t  w i l l  go ou t  as a i r  flow rate reaches 
proper opera t ing  range. 
Fan 
1*2 JContlnuedl 
Systc.m i s  now i n  ncmml operat ing node, Temperature s i g n a l  from wick 
thermis tor  w i l l  operate  solenoid feed  valve,  c o n t r o l l i n g  the  flow of 
ur tne  f r a  t h e  batch tank t o  the evaporator ,  main ta ln lng  a proper end 
s u f f i c l c n t  supply of w a s t e  water t0 t he  system. 
1.) To ahut down systtla 
l.3*l Turn system mode s e l e c t o r  awitch an left panel  t o  "OFF". 
1.3.2 
1.3.3 
"urn off condenser cool ing water flow. 
Turn e lec t r i c  power awitches on l e f t  panel t o  "OFF". 
System may be r e s t a r t e d ,  when no wick replacement is requi red  a s  i n  1.2 
above . 
1.b To dry wick p r i o r  t o ~ e n o v a l  wi th  system I n  normal'operating mode 
l.&.l Turn system mode s e l e c t o r  switch t o  "DRY'. 
1.&.2 Turn waste water  i n l p t  valve t o  "CLOSED". Wick temperature 
eensing c i r c u i t  is now inopera t ive  and no flow of waste w a t e r  
t o  the  evapora tor  is possible .  
m a t i c a l l y  d i v e r t  flow of processed water  t o  c o l l e c t i o n  tank for 
reprocessing and l i g h t  high conduct iv i ty  s i g n a l  when conduct iv i ty  
reachea 100 micromhos per centimeter.  Dry down cyc le  should, 
under normal o p e r a t i n g  condi t ions,  cont inue for a t  l e a s t  four 
hours . 
Conduct ivi ty  senso r  will auto-  
1.b.3 
l.L.4 
Shut down system as  per 1.3.1 and 1.3.3. 
Remove wick as p-r wick replaaement procectures (Sect ion 2.0). 
1.5 Back Pressure Valve Adjustment 
On I n i t i a l  i n e t a l l e t i o n ,  t h e  u n i t  will requi re  edjustment of the  back 
pressurn v a l v e  in the processed water  l i n e  t o  compensate f o r  va r i a t ions  
i n  txternrl processed water  l i n e  pressure  lo s ses .  
ment is made as deacrlbed below wi th  the  un i t  running i n  t h e  noma1 
opera t ing  mode, 
This  one-time adjust- 
The back preasilre valve is loca ted  t o  the  l e f t  of ,  behind and below 
p r e t r e a t  tank. Turn large beck up n u t  clockwiae to s e a t  a g a i n s t  valve 
body, Turn capped ad jus t ing  n u t  clockwise 8s f e r  as  it will go. Back 
off  a d j u s t i n g  nut as required u n t i l  bubbles appear i n  2rocessed water 
l l n e ,  then t u r n  adJu8ting nut clockwise u n t i l  bubble8 no longer  appear.  
Hold a d j u s t i n g  nu t  and t u r n  back up n u t  counterclockwise t o  s e e 1  and 
lock ad jus t ing  nut .  
t o  prevent  pumping of a i r  from system t o  c o l l e c t i o n  tanks. 
Bock preaaure valve i a  now s e t  f o r  mlninum pressure 
2.0 WICK RE;PLACE;MENT PROCEDURE 
Noma1 u s e f u l  w i c k  l i f e  for urine processing is e2proximatel.y 88 hours of 
o p e r a t i n g  t h e  (110 pounds of urine processed).  A t  t h e  end  of t h i s  per iod,  
or when a cont inuing  high conduct iv i ty  sii3nel l a  observed, the s stem should 
and t h e  wick rep laced  QI i n  t he  procedure out l ined  below. 
run for a t  l e a s t  h hours i n  the dry down mode of opera t ion  (Sec e ion  l . b ,  above j 
-3- 
2.1 To remove wick  
2.1.1 
201.2 
2.1.3 
2.1.L 
2.1.5 
2.1.6 
2.1.7 
2.1.8 
2.1.9 
2.1.10 
2.1.11 
201.12 
Remove feed  valve frm wick f eed  cup. 
I n s e r t  plug i n  wick feed cup. 
D i  bconnec t the mi8 t o r  
Open cover  l a t ches .  
L i f t  cover  and pass t he rmis to r  through par ;. 
Loosen clamp on i n l e t  side, s l i d e  away fran evaporator.  
Roll rubber s leeve  on i n l e t  a ide  ellay from evaporator.  
S l i d e  header o f f  duct. 
Loosen clamp on o u t l e t  side, s l i d e  away fro6 evaporator.  
Roll rubber s l eeve  on o u t l e t  a ide  away from evaporator.  
S l i d e  header o f f  duct. 
L i f t  wick from evaporator. 
2.2 To l n a c r t  wick 
0 2.2.1 Place wick package i n  evaporator.  
2.2.2 S l l d e  header8 over d u c t  ends. 
2.2.3 
2.2.b 
R o l l  rubber sleeve8 over headera toward evaporator.  
S l l d e  clamps over  sleeve8 and t ighten.  
0 
2.2.5 
2.2.6 Connect thermistor .  
PI88 t h e m i a t o r  through cover  port .  
2.2.7 Close rnd l e t c h  Cover. 
2.2.8 Remove p lug  from wick feed  CUP. 
2.2.9 Insert feed  valve i n  wick feed cup. 
3 e 0  CHARCOAL REPLACi3"T PROCEDii R"s 
3.1 Air ch8rcoal  c a n i s t e r  replacement proceduxv 
3.1.1 &move c a n i s t e r  cover  by loosening V-band clamp wi th  3/8" 
wrench . 
3.1.2 S l i d e  o u t  used car t r idge .  
3.1.3 S l i d e  new c a r t r i d g e  i n t o  c a n i s t e r ,  ensur ing  t h a t  end i a  proper';; 
reatedo (Cover w i l l  no t  o lose  i f  improperly seated).  
4- 
3.1.11 Replace c a n i s t e r  cover and V-band clamp. Tighten clamp. 
3.2 Wettr Charcoal Canis te r  Replocement Procedure 
3.2.1 
3.Z.2 
3.2.3 
Disconnect i n l e t  and o u t l e t  water  l ine8  a t  c a n i s t e r .  
Rcnore bcrtus holding c r n i ~ t e r  t o  mounting bracket. 
Replace canister with f r e s h l y  charged can i s t e r .  
3.2.b 
3.2.5 
I n s t a l l  screw8 t o  mounting brocket.  
Connect i n l e t  end o u t h t  u s t a r  lines. 
L O  UXNE COLLECTION AND 1REXTMSWT 
&.I ~rocedurea 
Reu u r i n e  is int roduced t o  t h e  system through the  Qaet'e water i n l e t  p o r t  
on t h e  i n t e r f a c e  panel  a t  the r e a r  of t h e  unit. The u r i n e  is t r e a t e d  
a s  it e n t e r s  t h e  p r e t r e a t  tank by mixing u i t h  the  t rea tment  chemicals 
i n j e c t e d  j u s t  before  the  in t roduc t ion  of the urine.  
cedure is ou t l ined  below. 
' 
The required pro- 
L.1.1 Turn waste water i n l e t  valve t o  "CLOSED". 
b.1.2 Ikp reaaur i t a  and vent  p r e t r e a t  tank, 
L.1.3 Pul l  and push, t o  l i m i t  of stroke, chemical injeotor handle once 
f o r  each 1.5 liters of urine t o  be introduced. 
L.1.4 Open waste water  i n l e t  l i n e  and in t roduce  u r ine ,  under approximately 
L ps ig  pressure, through i n t e r f a c e  panel port .  
L.1.5 Close waste water  i n l e t  l i n e .  
L.1.6 Pressur ize  p r e t r e a t  tank. 
b.1.7 Open waste water i n l e t  valve .  
L.2 Treatnent  Chemicals 
The t rea tment  chemical composition and mixing procedum l a  specified on 
HSD drawing 137X-390, found a t  t he  end of this repor t .  
5.0 H3ATER CONTROLS 
The evapora tor  i n l e t  temperature i a  c o n t r o l l e d  by t he  h e a t e r  v a r i a c  on the 
l e f t  panel ,  Increaa ing  the a r l a c  s e t t i n g  will increase  the  power t o  the 
i n d i c a t e d  on the  wattmeter d i r e c t l y  above the var i ac  con t ro l ,  Actual pouer 
conaumed by t he  balanced three-phase hea te r  is th ree  t h e 8  that  ind ica t ed  by 
the  s i n g l e  phase wattmeter. Heater variac c a l i b r a t i o n  c u m e s  a r e  preaented  
in Figure 5-1. 
h e a t e r  end the  i n l e t  tempera E r e  for a given a i r  f lou .  Heater power is 
6.0 WARNING LIGHT OPER4TION 
Five U g h t a ,  each i n d i c a t i v e  of a 
a n  incorpora ted  on t h e  l o f t  pane P The specif io  func t ion  of t ach  light is 
k b u l e  te d bo low. 
ossible requirement fo r  corrective a c t i o n ,  
7.0 
6.0 
9.0 
-5- 
Light 
Wa t c r  Canduc t i v i t y  L o w  
Fan AP L o w  
Function 
S ignal  when c m d u c t i v i t y  reaches 100 
mic romhos p e r  cen t ine t e  r. 
d i v e r t e r  so lenoid  valve. 
Activate 
Signal if fan A€' drop6 below 2 inches 
H$, i n d i c a t i n g  low a i r  flow r a t e .  
Evaporator Temperature O u t  High Signal if evaporator  a i r  o u t l e t  
temperature r i s e s  above US*.S*F, ind i -  
c a t i n g  low evaporat ing rate .  
Condenser Temperature Out High Signa l  i f  condenser a i r  o u t l e t  
temperature r i s e s  above lhSiS'F, ind i -  
c a t i n g  low condensing r a t e .  
Diverter Valve On 
DI VERTER VALVE OPERATX ON ' 
S i g n a l  when d i v e r t e r  so lenoid  valve  is 
ac  t ive ted .  
A switch for the  manual overr idfng of the  automatic processed water diverter 
valve (ectueted by a high conduct iv i ty  s i g n a l )  is provided beneath t h e  w a t e r  
conduc t iv i ty  meter on the  left panel, This switch should be i n  the  "AU1"O" 
p o s i t i o n  in the  noma1 opera t ing  mode, i n  t h e  t'MANUAL" pos i t i on  for continu- 
ous d ive r s ion  end i n  the  "OFF" poai t ion for d i v e r k r  valve deact ivat ion.  
WATER CONDUCTIVITY METER TEST 
To t e a t  the water  conduct iv i ty  sensing probe and meter c i r c u i t  for proper 
opera t ion ,  depress ,  with &OOw AC e l e c t r i c a l  power on, the  "TEST" switch 
l o c a t e d  beneath the  water conduct ivi ty  meter. 
by 8 a terdy  meter reading of 30 mlcromhos/cm. 
Proper opera t ion  is i nd ica t ed  
AIR FLCM 
A curve of a i r  flow verbw fan AF' is presented i n  Figurp 9.1. 
I 
. 
AIR FLOW - CFM 
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